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-R-^XldhA), si^yA>-7l]plA> &n&±: -fi-€*Xpfl), ^MS^ ^*Kr 5L^iS^o> 
^"IWJl^ -ft^Xpta) ^ ^HlH^r -B-^xXackA)* S^p- ^€^1?! ^ ^ ^n?) 

o> ^o]^(^]o]p] o} ^ LPK7)Sf, ^ Ir^^-JL^ -B-^XldhA), 3)^w.A>-7flnl>a- ^fl 

^ LPK4) ^ ^-71 ^ol^s.^- ^7]^^1 «fl 0 <?*H *()S*Kf ^ofl ^rtb 

^r^^l 4€- ^ LPK7 ^ LPK4 ^«£r <*|e|7>*l -fM<i* ^<+«>fe ^2fl 

^ ^ofl Hl^ f c|-s. -fM^hi- 7\£s\ qjQtbx) ® JURIES, ^-^hi- QjQtf. 

£ 7 
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^ ^)^} ^ °1» °]-%-& {Novel Rumen Bacteria 

Variants and Method for Preparing Succinic Acid Using the Same} 

S 1^: pta ^ ackA -fH^r ^-£^(pPTA- S acB)£) ^a^^ uj-^-^ 3Ht}. 
£ 2^ ppc -fK?i*r ^^^B|(pPPC-sacB)^| ^l^M-^-i- i-fEi-^ ^o]c|-. 
£. 3£- LPK 3^5.^ pta ^ ackA -Jr^r* ^^1*1 i£°l^LPK7^: ^^Wb 

W± M-eHl ^^14. 

£ 4^ LPK P pc -ft-^r* ^^a]^ i£o]^ LPK4« ^^>fe 

IE 5^ ^H*^} ^ ^o]^( L pk7)^ pta ^ ackA -fi-#* r 4<3£- ^7l<^^ a>^1 

°lcf. M^r lkb ladder size marker-!-, eflSl l£r PCR product P13 & P14(l.lkb)», 5)1^1 2^- 
PCR product P15 & P16(1.5kb)^- ^Hf^cf. 

5L 6£- ^H^r ^ ^o)^(LPK4)^ ppc -R-#*> €<g£- SKltr #7l<^ d] t} . M 
-8- lkb ladder size marker*, el]'?! 1^8: PCR product P13 & P17(l. lkb)^:, 2-^ PCR 

product P15 & P18(1.5kb)^r i-HM**. 

IE 7^: o]a>^.^-4- S i $7]2^#d\)x\ ^}o)v)o\ ^ LPK7£q «1]<# JMJ-fr i^-vfi ^ 
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S 8 o. ojAVs}.^^ ^7)3i^d\]^ ^ LPK4^ «fl<£ q.B^ 3 

•14. 



Hire 3 

<9> l^Tgo] w.o) 

<10> £ ^A>, 7flT 3 ]A> ^ ^ ^ofl ^<^^ I-^^SJ-S.^ 

°> € 0 1^(^^1^1^> ^ LPK7)2h 3^ IH^^-S^ -B-^^KldhA), 3x)^-ti.AV-7flnlx}- ^ 
^ LPK4) ^ ^-7] ^o)^f|. ^7)^91 ^^1^ *i]2:*Kr 



<n> afl^ 
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ft* *IH*H) (renewable resource) ^ -^S^H 0i3.3j.jL, o^^e}.^ ^ ^^i^^]. 

^}^hh ^^m ^ 9X7} ^o\] ^ ^ 

"M M-H, ^^rCsuccinic acid)£- ^SflAj «Hr^ , 

W%7}*\), ^#3, 7}^ ^7}^^ = -j_ 7}^^^ 

-flM^ rflt_> 1938^ ^-^--(Lockwood) ^ uj^ol ^a}^ 

■w {Fusarium martiim ^1^-^ 18%^ ^-§-3. ^^tr *Q:&f>} 

W =L *XM«lJiSU te^Mi iSuccinivibrio dextrinosolvens) , 

^Alic>f|i4Iii(^yAraftsctey- succinogenes) , ^) ±3.7}^ ^b^u^X] ofl^ 
Ruminococcus flavefaciens) ^ cf^t!- ^-fr^ ^Aj n]A^^-o] tflA># 

°* ^*Rr ^^S. MS) ^4 (Zeikus, Abhi. Rev. Microbiol., 

34:423-64, 1980). ZL 4^ 0]^^ ^ 7])A ]6)) 1£^o S «e1 ^j£<4 

Anaerobiospir ilium succiniciproducens)% £| ^l- Ji^ , -i} 0 ^ 0.3 -ff-g-t!: ^-fir ^r^S. 

Wfe jaja^^l ##4 (David ef al., Int. J. Syst. Bacteriol., 
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<15> 




#^ 2004/5/28 



26:498-504, 1976). a]^^.- ^ ^ 7 ]^6] n ] 

^#o]7l nflJ^, o]s. Ol-g-^c^ ^AlA]-^ ^A>^- ig-Jr^o. A}.^^ i^sjcj^ 

^Jl» ^ajOJg. -fl#*M ^4 

Afl^ 7fltol4. A>-g-S)^ tfl^-^ ^ 7 ]Aj Hl^jgAi, tifl<#^ 

^WlHl-g-O] Hl^-Jl, D ]ig=o) A>^o]l oj^- ig-J^sflo} ^tj-^ cj^oj 

^-i: 7fl^^>7] ^^H, #^ofl tfltfl X^j-^^- 7}X]#X\ AjA^o] ^ 

^ 5^rSl ^Hflol # 55E(MannAeiaia succiniciproducens 55E)7> 7fli|hE)$t}.. ZL^vf >£ 7 ] 
^HiE 7fl*]>tf;, 3^ ^ ^^7) nflg-oj] , ^A]A> oj^o} tfS. -fi- 7 l# 

- *>l*Hr «l-8-#7>^ ^ 7 > floj. o]» Sfl^}^- i^o] 

^^>-ir 7flS^"€ tfl^cfl rflSflA-^ ,§-^6^ £_JL& h>7> 5a 

tf. tfl^-g-^ 33 a}. .2*3^ -B-^^ ^JeL^JM^ ^j:dL» .2 

t3r ^^-(Vemuri e/- a/., /. Ind. Microbiol. BiotechnoL, 28:325-32, 2002H w>7> <& 
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^1 pyruvate carboxylase, phosphoenol pyruvate carboxylase, pyruvate carboxykinase, malic 
enzyme tfl^bfl JE«g*H, feSl &t)- (Vemuri er al., 

Appl. Environ. Microbiol., 68:1715-27, 2002; Millard et al., Appl. Environ. Microbiol., 
62:1808-10, 1996; Chao and Liao, Appl. Environ. Microbiol., 59:4261-5, 1993; Stols and 
Donnelly, Appl. Environ. Microbiol., 63:2695-701, 1997). ^-E^Itt °1# -ff^r* tfl^ 
o]£|6|] e]-^|E)o>(rumen bacteria)^! Actinobacillus sp.^f Anaerobiospir ilium sp. ^r^\ 

7ltfl^cK tfl^-^Aj ptsG -fr^r^ ft A -g-gyg 7H 

JLj1S)«H &-2J-KChatterjee et al., Appl. Environ. Microbiol., 67:148-54. 
2001), tfiJHM ^le|o}^ ptsG -B-^m 7HJI 5U*1 SiHS, tfl^g-^ ^-f^- 
^1, ptsG -fr3*r* ^]71^ 3*MH o^tf. 
<20> olofl, ^*}-^gr 5L^-£S. ^^l^r-a- ^^Kr ^» 7fl^>7] <43 

^4, ^-^H ^Nl^Or^l ^^^1 ^^M^l 0 } ^ 55E(Mannliei/nia succiniciproducens 55E) ^-^M 
3# ^rfc^-S.^ ^-^KldhA)^ 3^«/!MM<il' ^fljL^ -n-^*Kpfl)« A^ 
^o]^ ^*flolnlo> ^ LPK {Mannheimia sp. LPK KCTC 10558BP) ^S.^] S.^iH€^<>Ml 
^SfciLi -fr^Kpta)^ 6 HlH^r 71^1 -B-^^(ackA) ^ irti^^ -f^ 
^>(ppc)» 3^*1*1 A^Q € °1 # Wannheimia sp. LPK7 ^ LPK4)<>1 ^713 S^Hl 
*] :n^-§;JsL ^#*Hr 3* SKISI-J! ^^Tfl £l£i=f. 
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3^. ^€ ^^r, ^71^ S^HH ^«J-^ #0.^ ^X] 

5ft4. 



5EB^^H1^^-J:dt« 3^*Kr -^-^xXpta) ^ oHIh^J: 71^1* 53^SRr -fr*l7.KackA)7V 

£U, 171^ dE^ofH tf^. -fr7]<*bfr 7^ C£Oj£^ ^AlAV^- 

*KldhA), ^^y.AV-7flD]A]- ^-^JL^» j2^Rr -fj-^TsKpfl) ^ lil^M 7>S4^^] 
» 3.^-5}^ -B-^7>(pp C )7> ^ZJl, ^7H 3l&<$*\ Cfs. -fj-71^8- 7^ *3^*>*1 Q 

<L#*\ ^AlAV-i; ^*}^ ^H3^ 7>^^ ^Efle]0> ^0]^-^ ^t&t}. 

£ SH^i, -#7] *iffl ^]^o>^ *>S|]°Ha> ^Mannheimia sp.), «^E|^>^^ 

— MActinobacillus sp.) ^ ^^^S-^o]^.^^^^ MAnaerobfospfrj/Jwsp.)*-^ tM§ 
£ S°)H ^ XiJl, -B-7l^r-a: ^A>n>^ Aj^^ ^tgig-J: 
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of !?>*IM*W # LPK7 JE^b LPK4^>]cf. 

<26> £ B£^r, ^^^]6> ^ (Mannheim i a sp.), ^^^w>^e)^ MActinobacillus 

sp.) ^ ^o)HS.tiH^.i3i)s)f- ^(Anaerobiospir ilium spJ-^S. S«H>| ^£]3L, $ 

(pfl)7> Slfe ^ X^iS^^oHl^^-JL^l- S^Kr -n-^ 

*>(pta) ^ <>MlB#: ^lM-^l* ia^*Kr ^^KackA)* ^7}S. ^^)7}^ ^ 

fe, -^71^ SfiiA-l 7]°] ^Jl^ ^aIa].* i^-JSiS. ^*Hr 

<27> #7l €°15^3 *fl2:«<HH sa^i, #71 pta ^ ackA -^-^^ ^-8: ^flS^- 
ofl ^Sfl ^*Ss)fe s^o S ^- 4, oizi, #71 TflS^ pta ^ ackA -fr^i 

*}» JE^Rr ^-^> ^^Bll- A}-g-*H ^^E]^ ^ ^SL5L ^ ^ , #7) ^ 

^ pta ^ ackA -R-*l*}!- i^}-b -R-^7> S^-^b]^ pPTA-sacB 1 ?! ^ ^°-3- ^ *r $X^. 
<28> ^. ^tg a , °1 *1 ^ (Mannheimia sp . ) , °A ^ ^ ^ # (Actinobacil lus 

sp . ) ^ <^H S. w}ol Bl ^-(Anaerobiospi rill urn sp . ) £.5. tM§ ^ # ^ s) jl t ^ 

# ^dtsl-J-^l- S^-S>fe -fi-^KldhA) ^ ^^-ti.A>-7BnlA> ^-«j)JidL# 3^Kr 
(pfl)7> 5£^r ^l^V ^iM 8 -^ 5L^5L2)^ti.A> ^iM-^^Ml* S^^Rr -fr 

#*>(ppc)« ^7>5L ^^Al7lfe ^£.3. *Rf , ^71^ S^oflA-l tij-S. ^-71^ 7^ ^ 

8*iL^ ^AjA>-g- ^*Rr 7>*|fe ^ ^B\C} ^Ol^Sl »lS«o V 
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<29> # 7 ] ^ol^-oj ^aE^ofl ^- 7 ] ppc ^7}o} Tfc^afl *\n 

M^B]^ A}-g-*>o} ^S|^ 4^8 ^ ^ ^O.T^ ( ^-7] *g4 ppc ^7ff 

pPPC-sacB^l ^ ^ ojnf. 

<30> ^ofl £>o^, ^-71 ^ #^^s}-Jl^# -B-^KldhA) ^ ^sy.A].- 7 ]]nl 

LPK ^(KCTC 10558BP)S] 33 # ^^-S. ^ ^ &tf. 

«»> £ ^tl-, pta ^ ackA -ft-^T.}-* -B-^7.> jel^e] p PTA-sacBi4, 

ppc ^-^7s)-i- -B-^l7.> in^e] pPPC-sacB» ^1^-^:4. 

71 tiB<^oJj AS _«. B | ^A]^ 2^Kr ^7j]# £f«]-H ^A]^ ^ttc)-. 
<33> ^ l-^oj) fl^A), o]^ -g.<^ ^-71 -R-^Hl 3.^^ 

<34> ^. ^ ^tffl «H13o>o} <£^<£ ^jol^oV 55E(#^e//^/a 

succiniciproducens 55E) -g-^ -fr€*)l ^liS-Jf^, ^^SJ-Jl^ -B-^AKldhA)^ s)^- 

«#-7lM# &n3L±. -^^7}(pfl)# ^ ^^E^ o]^>^ n>^]o]p]o> 

55E(Mannneimia succiniciproducens 55E)^ -ft-^HAi .#7] ^M)^ -^aVU- 2.^ *ll7i^} 
^ ^l^rt^H^M ^ WUMannheimia sp. LPK, KCTC 10558BP)]*- $1^ (tfltt 

^ 10-2003-84934). ^<>1H^ #7] o] n] o> LPK(KCTC 10558BP) 5 

^S.^, pta-ackA ppc A y A %%*\?\ ^ tqoj^s. ^^.o^ o)-g- 
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Hit ¥.°)^7} tf^. 7]$\ &<L^*\ , 3-^5. ^^Hrr Jfr- 

<*> ^"71 Jl^SS ^a>^^ Alfl- n>^o]n]o> ^ LPK7 ( 

Mannheimia sp. LPK7) ^ ^H^W ^ LPK4 (Mannheimia sp. LPK4)5. ^£J-JL, LPK7 ^» 
2004\3 4€ 22<£x}5iL ^^l7m-7l^ ^^^^<g^(KRIBB) -R-^>^ (KCTC, 
tft^qX] -ff^ s&MIW 7111-HiJ: 'KCTC 10626BP'S. 7)^€\-#t\-. 

<36> ^t$*\ &o]^ LPK4 ^ LPK7^r WW*} # LPK(#^ e //a/a sp. LPK, 

KCTC 10558BP)^ ^ , #^71-8, , wl£^3 #?>(rod) HL^r M^sH 

(cocobacilli) 5^.5.^, vfl^3E*Kendospore)-l- 49>$*|-*1 »fe Jf^-fr 7>*H , ^IS^H 
^ ^cf. ^-71 30-50 -SrS^^HH ^ol ^ 

39°ColJL, 6.0-7.551 pIPg^HH ^sqq-, P H^ 6.50^. 

<37> i^ofl ^olA-1, ^-71 -§71^ *1 #5^4: ^/HL^r ^dt» <>l-§-*H 2:^*Kr 

3-1- ^ t ^ ^-§- ^o]7l ^*flA^ olA>^^^. 

7># «>^-^ -3r>l=f . 

<38> ^7)^ oixfsj-^ SE^ 0.1~0.4wm, wH^^l^r 0.2-0.3wm, 7>^- w> 

^^Mlxr 0.25wmSl ^"g-^H Ji7l^ ayfl^. 0.5-1.0wm, w>^-3] 

0.7-0.8wm, 7># w>^-^^>7il^ 0.75wmSl -fh^AS. -§-g-«H ^€4. *fl°cN 
^ wfl^lfe ^t^l &°>h ^£7> wH^^Ml^r 5~60g/L<>laL, 7}# w>^-*]*l- 

711^ 20g/L<>H, aflo^ 3 5 . 45t:> «>^§l-7ll^ 38-4rC, 7f# ti^^lfe 39 ' C £>\ ^JE^, 
6.0-7.5, w>^*>7flfe 6.3-6.7, 7}# w>^-^^>7?]fe 6.5^1 pH S^HH 
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# ^Jli« S^Hr -fr3i*Kpf D* ^€ *M ^{Mannheimia sp.) ^S.^ 

pta-ackA ^ ppc ^-^x># ^ ^a]^ Qo}^^. o]^ o]-g-^]-^ <^a] 

^ ^JEiS. ^^-ir ^Al^o.q-, ofl^^w>^e^ ^{Actinobacillus sp.), £ 

oJHSwH-0_i3E|e}-§- ^ (Anaerobiospir ilium sp.) ^ cf€r ^ ^EflE)o> ^>-g-^><^ 
A>7l ^-^7>7> #°]^M- ^^}JL, o]» o)%.*}*) ^a]a>^. *|jaE*Hr 3 $H ^o^} 

7^J *H o^o^ x}T$-g $o]t%. 

JSLJlt!: *W ^oKLee e£ a/., Bioprocess Biosyst. Eng., 26:63-7, 2003; Lee et al., 
Appl. Microbiol. Biotechnol . , 58:663-8 , 2002; Lee et al . , Biotechnol. Lett., 25:111-4, 
2003, Lee et al . , Appl. Microbiol. Biotechnol., 54:23-7, 2000; Lee et al., Biotechnol. 
Bioeng., 72:41-8, 2001), -fr^(whey), CSL(corn steep liguor) ^ ^sj-^ cj-g. afl^l» a> 
-§-tt ^-W, -R-7>«fl<y=( fed-batch culture), "S^wfl ^(continuous culture) -f- tr<£^- 
^-§-^r $5. t%<$7\M*\ ?r*! *H ^« 
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<42> ^aH1 i; pta ^ ackA ^^BKpPTA-sacB)^ *fl*l- 

<43> l^E^Aom ^jl^ -fr^Xpta)^ oH]t=# -8-^xf(ackA)# #M ^flS 

^-(homologous recombination) «cHl-°-5. s^^M 43 ^H, -R-3i*> ( ge ne replacement 

vector)* 4^-4 ^o] ^zj-^oicf . 

^ ^H*]*} ^ LPK -g-^CKCTC 10558BP)^ Tfl^- DNA# ^j.^ ^ ^<g^ 

J< 14 23} HBr<>H«- A>-g-^H PCR* nf-g-, pgr ^al^ BamHISLS. ^ 

^-§>Jl, <^1» pUC19(New England Biolabs, Inc., Beverly, Mass.H S.^^H pUC19-PTAl» 
^\<&^. 

<45> a^^J: i: 5 * HXTCTAGATATCCGCAGTATCACTTTCTGCGC 
<46> *\<gi$3L 2: 5 ' -TCCGCAGTCGGATCCGGGTTAACCGCACAG 

<47> Hfi 4^-, #*IH*W ^ LPK 7)1^- DNAS ^SLsL is}jL, is}7) *\<£#5L 34- 4 

3 = ^r-g-*M PCR* cf-g-, <£o]& PCR Xbal^t SacI<L3- ^&f>}5L, o) 

-& #71 pUC19-PTAl«fl pUC19-PTA121- ^fl^>^rf. 

<48> A^Hjj: 3; 5 ' -GGGGAGOX^GCTM(^AGCTTCTAMGGCCATGT TTCC 

<49> A-^qjj: 4: 5 • -GCTCTAGATATCCGGGTCAATATCGCCGCAAC 

<so> ^^jElic^olAi ^ -B-^XGenBank X02588)» tf-frfc #5^*1 = p IC156(Steinmetz et 
aL, Gene, 142:79-83, 1994)^: ^SlS, *>7] -H^S: 53}- 6^ H.5r°H» ^r-^M 

PCR-i: pgr ^(^E^M-*! vfl^-fr^})^- EcoRVS. ^^}JL, °)^t 

#71 pUC19-PTA12<H] £.<a§H ^^^^>o1a] ifl^-fr^r* P UC19-PTA1S2* *\)^is}<%tt. 

<51> 5; 5 ' -GAATTCGAGCTCGCCCGGGGATCGATCCTC 
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<52> Ajjwjs 6: 5 ' -CCCGGGC^ACAGGCTTTGAAGCATGCAAATGTCAC 

<53> #7] *\}^& pUC19-PTAlS2» SacI^ BamHI-2-5. ^ t p UC19-SacB*ll , 

pPTA-sacB tfjB]» ^^j-S>o|r].. aj- 7 ] P UC19-sacB^r sacB -R-^KGenbank 02730)* 
pKmobsacBCSchafer et al . , Gene, 145:69-73, 1994)* ^°.S. ^-ZL, -s\-7] a^^Is. 7^- 8&\ 
^l^t *>-8-*M PCR* sacB -fi-#*r PstI ^ BamHI-^S. ^ 

*}JL, o]» P UC19^ ^Jri »]^>^cf. 

<54> A^ff^ 7: 5'-AGCGGATCCCCTTCTATCG(XTTCTrGACG 

<55> a^^ 8: 5 ' -GTCCTGCAGGGCTACAAAATCACGGGCGTC 



<56> ^A]6fl 2: ddc ^^^B^(pPPC-sacB)^ *\}& 

<57> i^S^Sti.AV ^S-S-^i^} -fr^XKppc)* ^S^-^JLS. s}-^^>7l ^^H, 

<58> i^, ^lo]n)o> ^ LPK Tfl^- DNA» *}Jl, *>7l A^igjr 9^ 10^ S 

^l^t *r-§-*M PCR* ^^^1. PCR AZwlsJ- BamM<LS, Q^JL, °1» 

pUC19(New England Biolabs, Inc., Beverly, Mass. HI £^*H pUC19-PPCl# ^l^rSl^r. 

<59> Al9|#jr 9: 5 ' -TACGGATCCCCAGAAAATCGCCCCCATGCCGA 

<eo> AjjB]^ iQ: 5 ' -GCTCTAGATATCGTTTGATATTGTTCCGCCACATTTG 

<6i> tf-g-, ^H^W LPK 3^ Tfl^- DNA» ^SLS. ^JL, f>}7] a]<|^1 114 

12fi| ^bH*1* A}-g-*H PCR* ^^tb 4^-, PCR Xbam SaclSLsL ^^}JL, 

°1* #7] pUC19-PPCl°i] S°g§>^ pUC19-PPC12» ^^HrSi^r. 
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<62> *LM^js 11: 5 ' -GCTCTAGATATCCGTCAGGAMGCACCCGCCATAGC 
<63> 12: 5 1 KXMJAGCTQnTSiTG^ 

<64> EcdSSS. ^Eji^M^l ^-fr€*K^H 1#S)» ^"71 pUC19-PPC12<Hl ^<&f>\ 

^ pUC19-PPClS2» ^]^>Jl, Sad*)- BanHI<L3, P UC19-SacB°fl S.<$ 

*H, pPPC-sacB ^£}-I- 

<65> X] ofl 3: ?>^1o1p161- ^ LPK7 ^ LPK4 £ft2± z\m 

<66> £3|£4^ ^r^]oln]o> ^ LPK pta-ackA ^ ppc -fr^l*}* zj-z}- ^a]^ ^ 

0 1^#(LPK7 ^ LPK4)# ^]^>^ 2f^^- uJ-b)-^ ^Hcf. 

<67> ^lo]n]oV ^ LPK ^» LB-^-¥-^(10g/L -^f-5^» Luria-Bertani 

Bflx]) «fl*H £^>o^cf. 36^^ 37° C «fl<$7HH ufl^ c)-^-, LB-^S^ 
^^ltifl^l lOra^l 12*m yfl^V^xi)-. ^Jfr«) Hfl<y=^# LB-#-¥-i2^ <*j*ll*fl;*l 

100mH 1% ^"sH 200rpm 37 X: ^ afl«#7HH tifl<#S>£tJ-. 

<68> 4-5A)# 0D7> 0.2-0.3 ^£7> 4 - C 4000rpm 10^ ^°.3. 

*H ^*>^^. #^£r wliqjl, 4TC ^-Bfl^ 10% #e)4l-(giy C erol) -§-^ 200mlA 

S t}a] 4»c, 4000rpm, 10£- ^°.£. -S^Bl^H Aflafc^. 

w^ja, 4°C, 10% #21^11- -§-^ 200m^S. ^fl^^ul, 4*0, 4000rpm, lOmin 

^S-BjSM 45L# ^r^}^4. *\}3-Q #21^1- ^ a] 7} l:lo] #^^1- 
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ADS ^^5)- -gAH 1 £ 24M -fr^ SI^Bl pPTA-sacB £ 

pPPC-sacB* 1.8kV, 25iiF, 200ohms£j S^A^ Sl*|;E3.i3M<a 

(electroporation)-gr -r^^f^cf. 3l7]^3^, LB-M-Si ^nfl*| lml ^ 7>*M 200rpm 37 
°C Jflg- Hfl<£7HH 1A1^«?> ufl^>^4. 

"fl^^-i- ^B]icP>o]A] 3M9*K^^£ 50/*g/ml)» LB-^iE^ ^u^oj 

H^SH, 37^H 48*1 ufloj:^ ^ SS .u) 7 ]. ^#§>^cf. #Su)7}- tg^s) 

^. 0 lf^*K double crossover ^ 33* #sf^7] -^«fl, ^J^- ^e^uHaI 

^HMK^f^E. 50//g/ml)-& ^-tr LB-^ELSi tifl*l(100g/L ^E.^ ^3.5.^* IHft!: 
Luria-Bertani wfl*lH i^(streaking)^>^cf . 24 x}a] ^ n) 

#7) #3Mh4M #S u| ( ^ol^) # ^^)] 7 > ^--B-^ LB-glucose ^HflxH*) 

Hfl^>ul, Bfl<£^ ^sL^-E], S^(Rochelle)^ "^(Rochelle ef al. , FEMS Microbiol . 
Lett., 100:59-66, 1992)* *-§-SM DNA(genomic DNA)» <#7] 

^ 7\)¥ DNA« ^m<L3- *H PCR* PCR ^l^l^M pta-ackA ^-^} 

Pta-ackA -fr^S] ^-o]^>7l flSH, -S>7l^ ^-c] 2 «i^ PCR* ^*3* r &i=r. 

-f^, #7) 7)1^- DNA» ^£.3. -s}5i, ■S}7) *\<£t£± 134 14^1 o)£.*} 

q PC R# ^*5^uf. £}-§-O.S, ^-71 ^oj-o} ^ DNA-g- ^>JL, *>7l A^lgJ: 15 

31- 163 ^°Ht *r-g-*M PCR* ^*r$^. 

^f.tf.^ 13: 5 1 -CCTGCAGGCATGCMGCTTGGGCTGCAGGTCGACTC 
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<74> Aj^gj^ 14: 5 ' -GCTGCCAAACAACCGAAAATACCGCAATAAACGGC 

<75> *19i^J: 15: 5 ' -GCATGTMCTTTACTGGATATAGCTAGAAAAGGCATCGGGGAG 

<76> a^^.J: 16: 5 ' -GCAACGCGAGGGTCAATACCGAAGGATTTCGCCG 

< 77 > Aj- 7 j ^ pgr *Y-%-d\}*\ <g<H3l ^ #7l<g-£i5H n. 3.7} 3, pta-ackA -fr 

^^^^-1- ^Kl^r&i} (£5). £ 5<*1H, M^r lkb ladder size marker*, isflSl l£r 
PCR product P13 & P14(l.lkb)», &ll ^1 2^ PCR product P15 & P16(1.5kb)* M-Er^tf. 
pta-ackA -R-3l7r ^^Jr 13^ 14$ HH}-oH(P13 & P14)» A]~g-tr PCR ^^-#^1 

l.lkbS. "S^l^L, a^^s 15^ 16^ H£r°H (P15 & Pi6)» A>-g-^ PCR ^^o] 

1.5kbS. £<H*lfe $<LS- ^Sl^rSW. H^KM^ ^*lxr £ 3^1 aAl^rf. #7] 
*\]^& ^ ^H*]^ # LPK^ pta-ackA -R-^^l-7> B J^1^} ^ W» ^ 

^o^o]- ^ WLliMannheimia sp. LPK7)S ^Sfca, °1» ^^]7lt7]^J KCTC^l ^^Ji 
'KCTC 10626BP'S. 7l^>5|tq-. 

<78> s^V, ppc *^lA$ ?k%^% ^<&*}7] *}7]Q ^o) 2^4) PCR* ^rWS^. 

-f^d, #71 Tfl^ DNA» Z\-3L, *}7) A^wiJ: 134 17^ ^o]t^# o]-g-^} 

<*| PCR* ^*r£i=r. 41-^, ^-7} i£o)^o\ Tfl^- DNA* ^i^L ^JL, *>7l a^^s 15 
Q 18^1 55}o]p]f A}-g-sH PCR* ^r^r^^r. 

<79> A^<aj#;g. 17: 5 1 -GATCCAGGGMTGGCACGCAGGCTTTCAACGCCGCC 

<so> A-[gwj^ is: 5 ' -GCAAAGCCAGAGGAATGGATGCCATTAAC CAATAGCG 

<81> Aj-7] ^*H1^ PCR *&-§-°lH <£o^ «V-§"i~a- ^ ^7l^-^*>^ ZL 37lS ppc -H-^7>^ 

l^^-^-l- (5. 6). 5. 6^>ll^i , M^Sr lkb ladder size marker*, 1-gr PCR 
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product P13 & P17(l.lkb)4, 2fe PCR product P15 & P18(1.5kb)# M-Br^tj-. ppc 

^i^^iJ: 134 17^ H5f^^(pi3 & P17)» A}-g-^ pcr ^4#o] i.ikbS ^<H^] 
31, -*|<gi£J: i 5 s>). i 8 ^ s^.o^(pi 5 & pis)* A}-g-^- pcr ^2)-#ol i.5kbS. ^^xl 

^ ^*M*] o> ^ LPK^ ppc -B-^a>7> ^H^r ^ tJ^M- ^]o]p] o> ^ 

LPK4 (Maiwheimia sp. LPK4)S ^^rSt 1 }. 

<82> ^A]6j) 4; LPK7 ^ IPK4^I ^Jl^ 

<83> ^7] -sJaH 36)]a-1 4=- LPK74 LPK4^ ^Jl^-# ^h^7l $)*H, 

a>^-^ S £ ^ ^ 7 )^ ^ofl^ Hfl^al, o] S ^-E] ^#5)^ ^f^t}. 

<84> 20g/L^ 2.5L^, 5g/L^ 5g/L^ JlH.^##, 3g/L^ K 2 HP0 4 , lg/L^ 

NaCl, lg/m (NH 4 ) 2 S0 4 , 0.2g/L^ CaCl 2 -2H 2 0, 0.2g/L^ MgCl 2 - 6H2O ^ 10g/L^ MgC0 3 S. ^ 
« ^wfl^ 200m4« $3&jL, o)d\] ^-a>7>^1- ^«g^ cf-S-, #*IMp1o> # LPK7 * LPK4 
* ^ 39°C^^ 24Al^o> ^ufl^ 

<85> o^, 18g/L(^# 100mM)3 SJSL^, 5g/L^ €3^, 5g/L^ JlJE.^», 3g /LSJ K2H p 04 

, lg/L^ NaCl, 5g/L^ (NH^SOi, 0.2g/L^ CaCl 2 -2H 2 0, 0.2g/L£} MgCl 2 -6H 2 0 ^ 5g/L^l 
Na 2 C0 3 -°.S ^€ £ Bfl^fl^l 1.8L» 6.6L^ tffl<#3^] lOOra^ ^fl 0 ^ ^ 

^ ^ 39 ^-£4 pH 6.53] ^£*HH t^7}if 0.25wm^ ^rJLjsL ^*}^A| 2) 

^ajaV, 
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(spectrophotometer, Ultraspec 3000, Pharmacia Biotech. , Sweden)* o] -g-^}-<^ ^-gj-^jn., 
afl^ifl^ £M ^av, 3^>, ^ 7 flnj^ ^ HPLC(Aminex HPX-87H column, 

Bio-Rad, USA)S^ (3* 7 ^ £ 8). £ 74 8<HH ^ Hfl°<M*Hl *r€- >| 

#), ^RH^ #), 3L5E.^(D), jflpl^C^) ^ s^r(A)^ 

^51^r lOOmMol^Ji, ^5L^ 124mM°l5$^. °H rej-^. ^a]^ ^(^^ 

<#/^5-^ SLE^ <£)^ 124% ^l^cf. nElZL, o>XflE^ ^o] 

7)i (s i). 



<87> [5. 1] 



Strain 


frermentation products (mM) 


S/A ratio 
(fold) 


Succinate 


Acetate 


Formate 


Lactate 


Pyruvate 


Ethanol 


MBEL55E 


99.1 


40.6 


53.8 


8.2 


13 


<1.0 


2.44 (1.0) 


LPK4 


123.7:16.2 


28.1:5.4 


ND 


ND 


12.2:6.3 


<1.0 


4.40 (1.8) 


LPK7 


124.0:5.2 


5.2d0.2 


ND 


ND 


36.36^.7 


<1.0 


23.84 (9.8) 



<88> 



S^h £ 8*fl w><q- ^-o], ^.q 6\v)6\. 4- LPK4^ 22^1^ ^ i£ 

^ ^5L*f 100mM°l&aI, 123.7mlH&t}. o]6j) u}s ^xj-cq ^ ( 

«£/4iJ2.€ £.5=^ #wl-§-5L 123.7% ol^t}-. zl^ji, d^is^a] 

o] o)^^) alsflA^ HTfl #<H*£*=r (S l). 
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■& ^3 ^oln]dV ^ LPK7# ^xj-^-^s ^ 7 ]^ a^eflX] ufl<#*H 

"ti^H 4^Hf ^^r^i^- ^#^^1^ 371] -fr^U^, ^r*]-tir/2^ «] 

Bulter ^ *1^7>*1 "gr^^l pH*^ a^aJ -B-^>» 5.^- ^a]^, 

(Bulter ef a/. ^MS, 101:2299-304 , 2004). uJ-^W, ^^H^ ^*ftf\-x\ 

£ ^ xfl-g-^j 7]^}^ «>, ^-^741^ 

7>*1 ^HlTl] Sd^l, o]e1^ 7^0. ^ ti>^-4^- aJa]o^]^ fo]^_ oj6)] cq*fl ^. 

*\mm= %o) c>ia ^ ^3<?i ^ 



6 H11^-JL^» JrL^Kr -j^Kpta)^ o}4^ S^Rr 4r#7}(ackA)7> 

^7)^ 4^ 71^ ^*Hr 
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3. ^mt-Br ^IsRr SL*h # ^ ldhA, 

^ <W -fr7l^ 71^ ^^^1 <$^*R? 7}?]±r ^ 

^]^o> $o]^ * ^-7] ^7]^ S^o]]^ flfl<£t§H 3-^r#S ^^1^># *A3rfHr 

<93> £ ^ofl irj-s n>«Jl o]Tilci> 4* LPK7S1- LPK4 -g-^fe o^a^iS. ^7]^ a^ofl 

» ^4b§- *(|2:*Hf «^£r *ltfl «7]^ ^^fe ^ 

o| ^6J) WlSfl A>^# fAS ^l^V ^Jr^o} S^^-fc ^71^ O.S. ^7^ ^ ^ ^ 
°H5}, ^-71^ *|] 7^0.5.*?, ^A>^o] a^^- ^ ^tfl^» o] 
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1] 

-Sb7fM-& ^Jl4i» i&^Hr -fr^^V(pfl), iE^^E^^o^il^sj-Jl^l. 

(pta) ^ aMm^ 7)^)9 ia^Rr -%-&*KackA)7} ^7]^ S7d<HH rfs. 

7^ ^H>}x} <£<Lt£*\ ^Al^ JURIES. ^*Rr 7>x|^ aV^o} 

2] 

^r-7flpl^> ^-sfljLdi-^ -B-^^Xpfl) £ lil^^M ^>s^ej.>i]s. s*3sRr -B-^ 

*Kppc)7> $X3- , 2l&*H*\ ^ -$j-7l*Kfr t\*\ >$^*>*1 ^A^^ ^<S*hfr 

3] 

3E*r »l2*J-ofl sa<H^. #71 ^-*ti MV E flelo>^ ^o]nlo> MMannheimia sp.), ^ 
ElicW>^5^^ MAct/nobacj J Jus sp.) ^ oil^^ol^ 4=-(Anaerobf osp/rf Uum sp.) 
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[^T 1 * 4] 

Sa^. -8-7] ^ ^e^Vfe ^SH^K ^{Mannheimia sp.) ^> 

[3^8- 5] 
^. 

[^^J- 6) 

^l^l u)o} ^ LPK7<?1 3^ ^^AS £Rr ^o]^. 

[^T 1 * 7] 

^16^1 $X°]*\, ^H^M ^ LPK7CKCTC 10626BP)<?1 ^^.S. *>fe- 

[^T 1 * 8] 

5&°H. *&*M *W ^ LPK4°] ^ £0]^. 
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9] 



^o^of ^{Mannheimia sp.), ^E^H^i MActinobaciJIus sp.) ^ ^^o)S.w> 
o]^.>ijx)^f- ^{Anaerobiospir ilium spJAS. ^€ ^<HH -^^5)51, ^g-^^^-Sidi* 

€- -fM^ 7^ &<L^ JL±§-5LS. ^ «H1 Ej 

10] 

^H*]^ ^{Mannheimia sp.), ^i^BJe^ ^Uctinobaci 1 lus sp.) ^ SH^w} 
°1 .2.^31 a|-§- ^ ( Anaer obi ospir ilium sp.)£-5. t^^I 5-<*lH ^^SjJl, ^^^5|-J:^i» 
5I^Hr -H-^XldM) ^ ^^-W.AV- 7 flt 1 ]A> -g-SflJr^s. a^Sfe -B-^7>(pfl)7]- 

^ ^s.^ S.±3.x\^2L*t 7>=^e|-^l- ia^trRr -R-#7Kppc)« ^7>s. ^ 

11] 

*H9*J- XllO^ 9X°]*], <$7) !K^3*:§:^« ia^Kr -?H5l*KldhA) ^ 2^ 
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B l 6 > ^ LPK -S-^CKCTC 10558BP)"?] 3# ^ ^ ^ of ^o]^o) ^3,^ . 



12] 

^9^1 &<*H, ^-7] pta ^ ackA -R-3l7}£) <3j*fl ^ 

13] 

*Hl2^1 #7) *flS^8- Pta ^ ackA -ff-#*}-» 3Ef-*Kr *#7} 

[^T 1 * 14] 

^13^-^1 5ft°H. #7] pta ^ ackA -fr*!*}* i^Rr -R-^} JiUM^fc 

pPTA-sacBtl ^-i- «Hr -f-iffl «^-B)]e)o> ^oj^o} 

[^t 1 * 15] 
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m=t-*b lei 



17] 

*i|16lN Sl^W, -8-7] ppc -B-^7>» S^-^ -B-^V iE^r^B)^ pPPC-sacB^l 



18] 

pta ^ ackA -B"^^># 5L^>^ tt^*} pPTA-sacB. 



19] 

^€ ppc S.^^- pPPC-sacB. 

20] 

tifl^^AS.^-B] ^ai^ a^S^ if-*Kr ^12^-^ . 
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21] 



^ 2004/5/28 



*H20*<H] 9X°]*], f 7]^ olAVs).^ ^/je^ o].§-^ ^sj-fe- ^ 3IL 
22] 

23] 

»120^1 3X°]*\, flfl^ 35-45 TC^ ^E^f 6.0-7.5^1 pH^l •*) SE^ °1^5^ 

^■i- Sf-*Kr -5-71 § 0.1~0.4wm^ $-4=-o_£_ ^^x] ^s^Hr 3* ^ 

[^T 2 -^ 24] 

*l]20^] SM-H, <#7l ^ «]-Bfl^o> ^o]^-^ ^H^o} ^ LPK7 LPK4tl 33 
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pUC19 

— j 



4 . » f 



pUC19-PTAl 



CZM^O J 

AM 2 



Sad Xbal BantM 
pUC19-PTA12 



pUC19-sacB 



EcoRV EcoRV 



Sac] BamHl 
P UC19-PTA1S2 




BamH\ 
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2] 



Ps6 



BamHI 
pUC19-sacB 



pUC19 

2^ 



Xbal BamHI 



Xbal BamHI 
pUC19-PPCl 

\ Sacl Ma] 



IMS!! 



Sacl AKjI 
pUC19-PPC12 






4 


Mill 








j i 



BamHI Sad 
PUC19-PPC1S2 
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on 



mm 

pPPC-sacB 



|g||L 
Sacl 
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Pstl 



on 



amm 
pPPC-sacB 



Ap R 



I Single crossover in glucose/Sp medium 
^ Double crossover in sucrose/Sp medium 



P18 



P13 



Chr. of LPK4 




P15 



P17 



51 

M 




^ ^^V: 2004/5/28 



35-32 




H*]-: 2004/5/28 



15. 6] 



1 2 M 
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Time (h> 
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Tim 0 (h) 
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